INTRODUCTION
Vehicular ad-hoc networks have been a very active field of research in the recent years. Especially information dissemination, the discipline of dealing efficiently with the spread of information in a certain neighborhood over a certain amount of time, has been investigated in a number of different approaches. Our aim was to find strategies applying rebroadcasting schemes that are more intelligent than simple flooding. When developing these methods, context of the network nodes has often been taken into account when the system was supposed to decide if a node is a suitable forwarder or not. However, these solutions have solved the task only for isolated problems. We approach the problem from a network utility maximization (see [2] ) point of view: When network resources become scarce, it is of vital importance to transmit only information with a potentially high utility. We propose a method that transfers the network utility maximization problem to VANETS, combining existing solutions to an integrated framework, thus achieving a better overall utility for all nodes participating in the network.
SYSTEM CONCEPT
We have developed a framework that is able to integrate a variety of network optimization approaches in order to scale well in both very dense and very scattered networks. The framework allows to establish an order among the messages to be sent, transmitting those messages first that will have the most utility for the other participating nodes. With cooperative driver assistance and information as overall network objective, applications can only work when information is shared among the vehicles, leading to the following new paradigms in VANETs:
Altruism. In our concept, the basis for optimizing the network utility is not the utility the transmitting node gains, but instead the utility the receivers gain when receiving a message. Forwarding a message thus becomes receiverdriven process and is no longer determined by e.g. an address that is specified by the sender.
Joint Fairness. The utilization of shared and limited bandwidth must be fair for all participants. For VANETs, we propose a different interpretation of fairness: when a VANET operates at its limit, messages with safety critical information (regarding the safety of life of road users) must have precedence over other messages. Nevertheless, non safety critical messages but with high utility are still likely to access the channel very quickly, possibly more quickly than safety-related messages with low utility. In addition, the messages with the lowest utility have the highest probability to starve.
Application-oriented information differentiation.
The order mentioned above is achieved by estimating the utility of an information. Existing approaches trying to establish a similar order like CBF (see [1] ) have relied on meta-data that was available on a per-packet basis. However, application-level information must be taken into account as well, because in networks as highly dynamic as VANETs, information can become outdated very quickly. Duplicate information and redundant retransmissions do not contribute to the utility, but to network overloading and must be avoided, which can only be achieved when the information content is known to a possible forwarder.
Utility estimation and scheduling. The order itself is achieved by a multi-step process: First, an in-vehicle scheduling is performed. A utility function provides an estimate of the utility of a certain message. The utility functions can take into account a number of context information items such as message age, node position, heading, intended route of the node, connectivity, et cetera. By adding more context parameters, utility functions can become more detailed, providing more accurate utility estimations. Messages are resorted according to their utility. Now, the nodes have determined their most relevant message and an intravehicle scheduling must be performed. This is achieved by adjusting the contention windows of the nodes when competing for the wireless channel: with increasing relevance, the contention window times decrease. Thus, for messages with higher relevance the waiting time becomes shorter, resulting in a higher probability to win the contention process. In ad-dition, the utility functions can be formed in such a way that existing approaches like CBF and others can be mapped to a utility function. In this way, our architecture can integrate solutions to isolated problems into a framework (see [3] ).
EVALUATION
We have simulated our architecture with the following settings: Within an area of 8 km 2 , 300 wireless enabled vehicles with a radio range of 400 m are moving around. The simulation duration has been set to 100 s and for every scenario 50 independent simulation runs have been performed to avoid statistical aberrations. Interface queues can store 200 packets. For the simulation of a highly loaded network, we have set the network capacity to 0.1 Mbps and 0.5 Mbps. Figure 1 shows that network utility improvement can be achieved when activating our enqueuing / dequeuing and MAC access scheme. Applying a network load of 40 new packets every second, an activated dequeuing mechanism (graph 2) helps to realize a larger utility improvement than a scheme without traffic differentiation (graph 1). By activating the improved enqueuing mechanism (graph 3), an additional improvement can be achieved. Graph 4 shows the overall utility with an activated utility-oriented MACscheme. Graph 5 visualizes a theoretical optimum: when sufficient bandwidth is available (in this example 5.5 Mbps), almost every packet -regardless of its utility -can be sent, and queues do not build up at all.
Use of 802.11e QoS as an alternative. We compared our solution to an 802.11e-based architecture that applies EDCA (Enhanced Distributed Channel Access): as can be seen in figure 2 , the 802.11e-based architecture cannot cope with our cross-layer architecture in terms of utility improvement potential. The bars show the improvement of the network utility when applying a relevance-based dissemination scheme compared to a non-prioritized store-and-forward scheme. The left bars in each case depict utility improvement in percent in case our architecture has been used. The bars at the right, in contrast, represent the improvement with the 802.11e-based architecture, where the smaller bars on top show additionally achieved improvement if queue resorting is conducted. The poor performance of a 802.11e- Cross-layer benefit-based standard IEEE 802.11e benefit based queue assignment Additional improvement due to queue resort Figure 2 : Benchmarking cross-layer architecture against an 802.11e-based architecture based architecture is mainly caused by the following four major factors: The native IEEE 802.11e standard does not provide a queue-internal resorting of the contained packets. While several packets wait within one queue, a relevant message might be passed down from the application layer, which -in our solution -would probably be dequeued as the first one. One further reason is the missing utility re-evaluation according to actual application-level data, which is not envisaged in 802.11e. Apart from that, the prioritization of packets is rather roughly staged. Sorting messages into only four queues is disadvantageous, because data packets of different utility may conduct external contention processes applying the same prioritization parameters. The internal contention between queues further deteriorates the IEEE 802.11e performance with respect to a network utility improvement: Packets with high utility win this internal contention process more often than those with low utility.
Conclusion. This work introduces a utility-oriented approach for altruistic information dissemination in vehicular ad-hoc networks. We propose a comprehensive, integrative framework that allows for leveraging varying network resources as efficiently as possible and delivering information to where it is needed as fast as possible. Due to applicationoriented data differentiation, we are able to take into account the nodes' individual interest in information and transmit data accordingly.
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